The sensor nodes have limited computation, sensing, communication capabilities and generally operated by batteries in a harsh atmosphere with non-replenish able power sources. These limitations force the sensor network subject to failure because most of the energy is spent on sensing, computing and data transmission. This paper introduces an Energy Efficient Clustering and Shortest-Path Routing Protocol (EECSRP) to assist Wireless Sensor Networks (WSNs) by (a) extending the lifespan of the network (b) effectively using the battery power (c) decreasing the network overhead and (d) ensuring a high packet transmission ratio with minimal delay. The delay time-based Cluster Head (CH) is elected based on the node degree, residual energy and Received Signal Strength (RSS) to accomplish the goal. Additionally, the RSS-based network partitioning is implemented to evaluate the gradient based on demand routing between source (sensing node) and destination (BS). Whenever the current CH residual energy goes under the threshold level, the proposed protocol performs the clustering process, reducing the exchange of control packets. However, the BS periodically gathers the data from every single CH which helps to reduce the collision and Medium Access Control (MAC) layer conflict. From the simulation results, it is the evident that the proposed protocol performance in terms of average end-to-end latency, packet delivery ratio, average energy consumption and control overhead is better than the well-known current protocols.
INTRODUCTION
Internet of Things (IoT) is ecology of interconnected objects and devices that send and receive data via internet. It is an imperceptible and intelligent network that communicates with each other by employing embedded technology which enables them to sense and control under diverse conditions [1] . The IoT grants immediate access with high efficiency and productivity to the information related to any object or device [2] . Wireless sensor networks WSNs operate as an intermediate that connect the real world and virtual digital world. These are highly scattered networks of lightweight, small, battery-embedded sensor nodes connected to each other and are accountable for sensing and transmitting information to the Internet. WSN plays a major role and offering most challenging solutions and attractive area for numerous application areas, such as battle field monitoring and military reconnaissance, tsunami detection, patient health monitoring, disaster surveillance and crises management, habitat monitoring and industrial automation etc. [3] [4] [5] [6] [7] [8] [9] . The SN -Sensor Nodes is composed of memory, processors, sensing elements, batteries and transceiver. So the network with large amount of sensor nodes disposes in target area and generates a massive amount of data, which has to pass on to the base station BS for further processing. But due to the tiny nature of sensor nodes it has a few limitations such as memory, bandwidth, processing capability and battery power [10] .
It could not be argued that energy management is the first concern when developing a reliable and efficient WSN. Usually, when WSN is used for remote monitoring of the environment, a long existence of the sensor network guarantees the overall efficiency and reliability of the monitoring system, and it also maintains a great deal of human effort to preserve the sensor network functionality. By recognizing all the factors contributing to the consumption of energy to sustain all operations within the WSN, usually a huge proportion of the energy is used for communication mostly. Minimizing the overall number of transmitting hop and their average length could minimize the consumption of energy. Ultimately, the WSN's lifespan will be effectively extended as anticipated.
In WSN, the collection of data from the sensor networks can be event based, periodic or query based. In periodic data gathering, at regular intervals the sensor nodes gathers data by sensing the environment and transfer the sensed data to the base station. The routing approach acts a vital role in enhancing the life span of the network in these applications. The most practiced routing technique in WSN is divided into different classes, such as flat, location-based and hierarchical based techniques. Many energy efficient routing protocols have been proposed to solve the early energy dissipation problem and likely to succeed [11] [12] [13] [14] [15] . Hierarchical routing in sensors networks have three different kinds of routing based on their communication with the base station BS or sink, i.e. tree-based approach, chain-based approach and cluster-based approach. Cluster-based approach is a key contestant for improving the network life span. Cluster-based routing has attained this with lowest overhead as in figure 1. In cluster based routing, the sensor nodes are classified into clusters, a cluster head (CH) is selected from sensor nodes and rest of the members becomes the cluster members (CMs) in the same group [16] . In each cluster, every node collects the data from its surroundings periodically and transmits it to the concern cluster head. The CH aggregates the data received from all cluster members and transmit to the base station BS via single hop communication directly or through multi-hop routing. The Received Signal Strength (RSS) plays a very important role to accomplish self configuration characteristics in WSNs, where every node itself finds the neighbor nodes. Furthermore, it determines the distance to the neighbors and link quality with the intentions that it effectively constructs the reliable network with strong link quality by avoiding the collision, interference, packet retransmission and overhearing [17] [18] [19] . Therefore, it remarkably saves the battery power and enhances the network lifetime. In addition, it greatly minimizes the involved number of men and hardware complexity in network setup.
The cluster formation is the well-known and effective approach for data collection, where the sensor nodes are grouped into separated regions. Every group has a leader node in cluster, known as Cluster Head (CH) which has the responsibility to communicate with cluster members CMs and collect data from them. One vital role of the CH is data aggregation, where it eradicates the unnecessary and redundant data packets, thus minimizing the delay and overhead. The clustering lessens the routing complexity by minimizing the number of nodes and size in the routing pathway, which strengthen the efficient utilization of memory and bandwidth. In addition, it accomplishes the collision free access channel among the CM and CH by utilizing the Time Division Multiple Access (TDMA) schedule effectively. Thereby, it enhances the sensor networks scalability and stability. The unequal clustering techniques and its benefits were discussed in [20] [21] , where the cluster size and CH selection was investigated on the basis from distance to the BS. Furthermore, it tackles the early depletion of battery and bottleneck problem nearer to the base station.
Many algorithms have been proposed by utilizing the distributed approach and enhance the network lifetime [22] [23] [24] [25] [26] . LEACH algorithm enhances the network life span in comparison to direct or multi hop transmissions but have limitations still. The cluster head is selected at random basis which doesn't guarantee appropriate distribution of nodes and optimal results. The sensor nodes with low and higher residual energy have equal opportunities to become the CH of the group. Therefore, the selection of low residual energy node as CH resulting to die quickly and hence shortens the lifespan of the network [27] .
Load Balancing Protocol (EESAA) [28] considers the parameters such as network lifetime, stability period and throughput for WSN networks by examining and enhancing the performance of clustering algorithm. Cluster heads receive data from the sensor nodes in the same cluster, fused it and send to the base station. In the entire network, EESAA doesn't guarantee any uniform distribution of the CHs. A Cluster-Chain Mobile Agent Routing (CCMAR) Algorithm is proposed by Sasirekha et al [29] , where the CH selection value of each node is evaluated on the basis of node's residual energy, the number of bits transmitted, distance from the neighbor node and amount of energy needed for the transmission of one bit. Despite this, the CCMAR algorithm lead to the isolated node problem, owing to the fact that it is unaware of the selection of CH value of the neighbors neighbor because the nodes construct a chain and send data to its nearest neighbor and by this way reach to CH. Furthermore, there should be high delay when each node send and receive data from its neighbor. An advanced algorithm is presented known as R-LEACH [30] , this algorithm seek to elect a CH by taking into account the most important parameters such as initial energy, the individual sensor node remaining energy, and the optimal number of CHs in the network. The amendment is carried out in classical LEACH algorithm [31] . After the completion of every round, the non-CH nodes residual energy are examined, thus for the current round the node with higher residual energy has a higher chances for CH selection. This strategy would thwart the early depletion of energy nodes and thus prolonging the network life span. The optimal cluster formation and communication with BS using shortest path (i.e. minimum hop-count) are very important parameters for enhancing the network lifetime which are not considered by R-LEACH. Despite this, R-LEACH only consider the CH selection based on its residual energy but haven't take into account the shortest distance from BS, distance of neighbor nodes and number of neighbor nodes as input parameters.
The problems exist in literature of WSN routing are the following:
➢ The same node selection as a CH repeatedly may cause quick depletion of the battery energy resulting in decrease of network lifetime. ➢ The uniform distributions of the CHs are not properly ensured for the entire networks. ➢ The multiple located CHs presence in the same cluster can lead to additional collision, inference and more energy dissipation resulting in poor network performance. ➢ The isolated/orphan nodes left out by the CH resulting in uneven work load distribution and energy usage lead to disturbing the network. ➢ The shortest path routing between CH to BS by using intermediate nodes are not considered.
To address these problems, in this paper we proposed a new protocol known as EECSRP. The proposed protocol is designed based on effective routing (gradient-based on demand routing) and clustering (with respect to delay time CH selection, RSS, residual energy and number of neighbors). The major contributions of this paper are as follow:
➢ To guarantee the even distribution of CH workload, the multiple CHs located within the vicinity of each other's transmission range is avoided by introducing a distributed delay time CH selection method. ➢ To ensure an interference and collision free communication, we focused the periodical data collection approach. ➢ The energy efficient approach is used by introducing a cost value based Intermediate Routing Node (IRN) to guarantee the shortest path to base station.
The remainder of the paper is organized as follows: section 2 presents the designed network model, section 3 outlined the proposed EECSRP protocol, section 4 demonstrates the approach through simulation and obtained results are used for performance evaluation. Section 5 concludes the paper and brings up some possible future work.
Figure.1. Typical Architecture of WSN

NETWORK MODEL
In EECSRP, the numbers of sensor nodes (Na) are deployed over the M x M meter 2 sensing area. The EECSRP process consists of two phases i.e. setup and steady state phase. During the setup process, the delay time-based CH selection is performed. In the steady state phase, by using the TDMA schedule, the CH collects data from the CM during the allocated time span. The CH sends the combined data to the BS using gradient-based on-demand routing at the end of the TDMA cycle. In the proposed design, the following assumptions are made:
Network Model Assumption
1. After the deployment, the entire sensor nodes are static. 2. All the sensor nodes are unaware of their location. 3. It is assumed that the relations between the sensor nodes are symmetrical. 4. The Nodes transmission power can be adjusted according to the distance among them. 5. The Base Station is placed at the top of the sensing field. 6. The BS is able to cover the entire targeted sensing region as it has a sufficient power of transmission.
Energy Consumption Model
In this paper the energy consumption model is akin to the model used in [32] . The required energy for data packets in the process of transmitting and receiving over the distance d is given in equation (1) and (2) Et (l, d)
Where Et and Er is the required energy of transmitting and receiving energy respectively, Eele is the energy dissipation due to the electronic circuits, l is the data packets size, ε represents the energy consumption amplifier, α is the amplifying factor, α=2 is for free space model, when d ≤ d0 and multi-path fading model,
Where, εfs with εmp represent the amplifier energy for empty or free space (fs) and multipath (mp) design.
EECSRP MODEL
Cluster Formation Phase
At the start of CH selection, the sensor nodes use Carrier Sense Multiple Access and Collision Avoidance (CSMA/CA) to broadcast the HELLO message with its residual energy to their neighbors. This HELLO message is used to find out the number of neighbors, distance between them and the neighbors energy level.
In proposed clustering method all the deployed nodes are eligible to take part in CH selection contest in every round as described in Algorithm 1. On the basis of node degree, residual energy and distance from its neighbors, every sensor node evaluates the delay time for broadcasting the cluster head awareness message. Until the CH is chosen, for a few rounds it does the services as the leader of the cluster and maintains the same cluster structure. It means that the selected CH will continue to run their operations until any CH throughout the cluster loses its residual energy, i.e. drops the energy level under the critical threshold. If the energy levels have dropped, then to reorganize the clusters structure, it sends the 0 bit including the data packet to the BS. After receiving the message, the BS initiates the selection process of new CH by broadcasting the new cluster formation message. Therefore, it lessens the regular cluster formation requirements and control network overhead.
a) Residual Energy
The normalized battery energy value (ζR E ) could be obtained by considering the neighbor nodes maximum residual energy rather than the sensor node maximum energy at the time of deployment. This enable the sensor node to efficiently use the cluster formation duration for broadcasting the CH awareness message and decreases the chances of MAC layer level contention and collision. ζRE is computed by the equation (4) below.
ζRE =
Sr represents the sensor node residual energy; SNm refers to neighbor's nodes maximum residual energy.
b) Number of Neighbors
The numbers of neighbors are the nodes which are nearest nodes (one-hop routing nodes) in surroundings.
To cover the targeted network region, the required least number of sensor nodes (Nl) is obtained as in equation (5) below.
Nl =
The Atr refers to the targeted region in the network; Acr represents the coverage region of the sensor node.
The optimum amount of cluster nodes or members (Nm) within each cluster is derived in equation (6) below.
Nm =
In equation (7) the normalized form of the amount of neighbors (ζNN) are obtained, following the considerations that minimize the workload as well as ensures that there is evenness in CH energy consumption. ζNN = N c mod (N m + 1) N m
Nc represents the overall amount of the current neighbors
c) Average Received Signal Strength
The Received Signal Strength is discovered to be the significant parameter for finding out the size of the cluster. In addition, the energy dissipation of the sensor node is reduced via the reduction of the transmission gap between the CM and the CH. In equation (8) the normalized value or worth of the average RSS between these nodes (ζRSS) are given below
The RSS (i) represents the value of RSS of i th node, and the RSSM (i) refers to the maximum RSS of the i th neighbor.
In the EECSRP, the Weighted-Sum-Method (WSM) [33] can be used for obtaining the optimal-weighted-sum value (ηCF) which is computed using equation (9) below. ηCF = αζRE + βζNN + γζRSS (9) Where α+β+γ=1, and α, β, γ refers to the tuning parameters which relies on the selection of the application. This ηCF finds the value of the sensors fitness that acts as the CH, means that it will make sure that the chosen CH has large residual energy, optimum RSS, as well as optimum amount of neighboring nodes within the cluster area.
Every single sensor node checks the delay period for broadcasting the final CH awareness message (Bdt) based on ηCF as given in the equation (10) below. In the proposed technique, Bdt and ηCF are inversely proportional to each other, showing that the poor or low fitness value of the sensor node need to wait for a long time period to broadcast the last CH awareness message, which means that there is a minimal opportunity left for acting as the CH. Bdt = (1−ηCF) × ttcf + δrt (10) Here, ttcf represents the time utilized for clustering, δrt refers to the random period of time which is too small (δrt<<ttcf) for reducing the contention of the MAC layer.
Figure.2. TDMA based transmission structure
On the occasion, when the sensor node delay time expires, it broadcasts the last CH message in its range of transmission. Any sensor node that receives a CH awareness information before the expiration of the delay time give up the CH competition to join as the CM to any nearby CH via transmitting the join request message to the concerned CH with focus on RSS signals. An isolated or orphan CH means that does not linked to receive joint request messages from its neighbors. At the end of the clustering formation, the chosen CHs transfer the approval signal to the BS via multi-hop communication to obtain its time frame for the formation of the TDMA scheme. The BS then broadcasts the schedule time to get to the selected CHs directly. The EECSRP time slot form is as shown in Fig. 2 . During a steady state phase, CH divides the scheduled time frames into mini-slot and broadcasts to the member nodes in the cluster for gathering data.
At the end of the scheduled time frame, the cluster head send the gathered information to the BS by utilizing the gradient-based on-demand routing that is explained in section (3.2). 
Algorithm 1 EECSRP Cluster Formation
Gradient-based On-demand Routing
The specific EECSRP routing network architecture is given in Figure. 3. The nodes in the sensors region are grouped horizontally into layers at the beginning of the node deployment on the basis of sensor node's transmission range (Tr). At the start, the base station broadcasts the INITIALIZATION MESSAGE with layer ID by utilizing the transmission power to reach up to transmission range Tr, the sensor nodes that receive this INITIALIZATION MESSAGE construct the layer 1. The BS then increases the level of signal power in the nTr rate and broadcasts the INITIALIZATION MESSAGE again, where n is the layer index number. The process continues until the entire region of the network is covered. In addition, the sensor nodes use RSS to identify the distance from the BS. The CH in the n th layer gathers information from its CMs and transmits the collected information to the BS through intermediate layers. Therefore, the source CH initiates the discovery process of route by sending the QUERY PACKETS route discovery message which is composed of the CH-ID, Layer-ID, Hop Count (HC) and distance between the CH to BS dCH-BS. For every single sensor node the gradient value is determined with respect to Layer-ID to locate the fastest route to access the BS. For each hop in the network the hop-count HC value is updated to hold the minimum hop count to the BS.
Figure.3. EECSRP Architecture
Moreover, in the distributed algorithm based CH selection the overlapped cluster formation is unavoidable; this is due to the fact that it produces the decision based on the local information. The EECSRP architecture is illustrated in Fig.3 focusing on the sensor nodes connections with the CH which means that the cluster member belongs to the corresponding CH.
To compute the Intermediate Routing Node (IRN) cost value based on the distance from the BS and residual energy is given in equation (11) . The dCH−BS ─ dIRN−BS is normalized by HC × Tr that is the shortest cut to get the BS by seeking the IRN routing to BS efficiently as provided in equation (11) .
Cost value =
Figure.4. IRN Selection
The reason is that the efficient use of its transmission range guarantees the minimum hop-count and the involved number of sensor nodes. Here, the sensor node's residual energy is normalized by SNm that lessens the opportunity of low energy node to be elected as IRN. Fig. 4 clearly shows that HC computes the normalized value between 0 and 1. Furthermore, the distance consideration minimizes the IRN 3 chance by reducing its cost value, which is nearly negative.
The n th layers CH relays the QUERY PACKET to (n-1) th layer sensor nodes and it continues until it reaches to the base station by hop to hop communication. The QUERY PACKET in the direction of the base station updates the cost value of all visited intermediate routing nodes. At last, the QUERY PACKET pass through the highest cost value within the pathway to the source CH. Then, the source CH sends the fused data via the traverse reverse path which guarantees reaching the BS using the minimal hop count and also ensures to achieve uniform energy consumption and load balance of the sensor nodes. As illustrated in Fig. 5 the CH (source) initiates sending QUERY PACKET towards the Sink/BS (destination). The QUERY PACKET collects and updates every cost value of the IRN within the direction to the destination. BS chooses the optimum cost value route with traversing the QUERY PACKET towards the CH (chooses Path 2). Furthermore, the use of Layer ID, HC and CH-ID avoid the redundant packets and loop formation.
The EECSRP features are stated below: ➢ The proposed protocol taking into account the residual energy in CH selection process which avoids the minimal power sensor node that is elected as the CH. ➢ The CH selection on delay time basis assists in providing the best distributed CHs across the overall network region while avoiding the orphaned/isolated nodes. ➢ The Received Signal Strength based CH selection saves the notable amount of sensor node's energy and extends the network lifespan significantly. ➢ The designed protocol does not choose CH frequently as LEACH protocol do, this helps it to avoid the additional overhead control as well as making the design of the system easy.
➢ The IRN selection relies on the distance from the base station and residual energy of sensor node and layer-ID; such that a chosen pathway uses the minimum hop count and the shortest route to get the BS by efficient way to save energy. ➢ The optimal amount of CMs within every cluster assists in offering preferable CH loadbalancing as well as reduction of the work load; thereby the untimely sensor node death is avoided. Figure.5 . Sample for the gradient-based on-demand routing
RESULTS WITH DISCUSSION
For simulation and analyzing performance the Matlab 2017a is utilized to carry out the efficiency of the proposed EECSRP protocol by comparing with other three protocols named R-LEACH, CCMAR and EESAA. Table 1 highlights the simulation arrangement of the proposed EECSRP. Fig.7 illustrates that the standard EECSRP energy utilization is minimal than R-LEACH, CCMAR and EESAA, when compared the average energy consumption with 20 and 40 nodes in the network respectively. That is for the reason that the packets are delivered to the sink node by few hops as possible in EECSRP. In the proposed protocol, the selected CHs rely on the amount of neighbor nodes, such that it guarantees the minimum CH work load. Moreover, it uses the periodical information collected from the CMs through TDMA scheme that avoids information collision as well as interference, thus lessening the retransmission of data while conserving the battery power notably. Furthermore, by taking into account the RSS in the CH selection greatly saves the battery power by lowering the transmission distance since the nodes have the energy adjustment capability which relies on the distance between them. It is noted that the proposed EECSRP protocol is able to achieve a notable reduction in end to end delay when compared with the R-LEACH, CCMAR and EESAA respectively. Fig.8 and Fig.9 highlights that EECSRP average end to end delay is smaller than R-LEACH, CCMAR and EESAA respectively; this is because the EECSRP gradient based routing that uses the shortest path to reach the base station. The packets are delivered to the sink node by the fewer hops in EECSRP that decreases the transmission delay. During the routing from source to destination, the IRN selection relies on the distance from Layer-ID and base station. This guarantees the less number of sensor nodes used to arrive at destination. Furthermore, the CH utilizes the QUERY PACKETS to choose the best pathway focusing upon the cost value, such that the link failure is avoided and establishes the stability of path between the CH and BS. A common understanding is that the designed protocol accomplishes minimal average end-to-end delay when compared to R-LEACH, CCMAR and EESAA respectively. Fig. 10 highlights that the packet delivery to base station BS of the proposed EECSRP is better than R-LEACH, CCMAR and EESAA respectively. The EECSRP accomplished a notable rising in packet delivery as compared to R-LEACH and outperformed the CCMAR and EESAA protocols in packet delivery to BS respectively. The reason is the delay time selection of CH guaranteeing the appropriate CH distribution which makes the links available to the whole network and avoiding the orphaned nodes within the sensing region. The EECSRP constantly sends packets to base station, as the BS allocate different time slots to CH for gathering the information from the cluster members CMs and sending it to BS.
Average end to end delay
The number of the packet delivery to base station
At the starting of every round, there exists (Na) number of HELLO messages which are transmitted for node finding and awareness concerning the status of the nearby/neighbors nodes. NCH are the total number of awareness messages broadcast by CH and to join the cluster as CM the (Na -NCH) number of the cluster join messages sent by the sensor nodes. The cluster head CH sends the (NCH) number of cluster head registration approval messages to BS. The cluster head CH uses these (NCH) control packets number for TDMA scheme.
Thus, for cluster formation the total number of control packets utilized in every round O(T) is computed in the equation (14) .
Where, NCH refers to CHs number.
In EECSRP the utilized quantity of the control packets are less than that of R-LEACH, CCMAR and EESAA respectively when compared. This is because, when CH residual energy goes below the threshold level so the proposed protocol select new CH for communication with CMs and BS. Furthermore, the CH selection on delay basis avoids unnecessary searching of orphan/isolated nodes and reduces the network overhead effectively. Additionally, the QUERY PACKET flooding from all directions can be avoided by the use of gradient based routing. Figure. 11. Number of alive nodes in each round Fig.11 highlights that the proposed technique guarantees that the sensor nodes life time is more than other three protocols R-LEACH, CCMAR and EESAA respectively, owing to the fact that proposed clustering techniques guarantees a well distributed CHs along the network and in addition establish the balance load among the CHs. Furthermore, the CH selection as well as IRN relies on the sensor nodes residual energy which avoids the early consumptions of the battery power. Moreover, the normalization of the residual energy is carried out by the use of maximum residual energy of the neighboring nodes, such that it guarantees the equal distribution of energy consumption load of the sensor nodes. Since, from simulation results it is observed that the optimum sensor nodes amounts are active till the end of the lifespan of the battery.
Network life time
Figure.12. Number of dead nodes in each round
The important aspect in wireless sensor network is the network lifetime, which has been increased by the proposed technique. Fig. 12 illustrate that the R-LEACH, CCMAR and EESAA protocols nodes death occurred prior than EECSRP when compared, thus it helps to prolong the network lifespan. The network lifespan can be determined from the nodes death in network, the nodes death occurred after the other three protocols. The R-LEACH performed well as compared to other two protocols when compared with EECSRP protocol which is great achievement of the proposed protocol.
CONCLUSION
Since network lifetime and nodes energy are two major constraints in designing any routing protocol for WSN, to a large extent research has been made to accomplish the goal. Therefore, the enhanced routing process is required to effectively increase lifetime of the network by decreasing the nodes energy dissipation. In this paper the EECSRP protocol is proposed which use clustering mechanism and gradient based on-demand routing by collecting data from target sensing region and forward it to base station via shortest route. The proposed mechanism provides a consistent performance in packet delivery, average energy consumption, control overhead, and average end-to-delay, which is well adapted to periodical based data collection application such as structural health monitoring, smart farming, machine preventive maintenance, water irrigation management etc. From the simulation results, it revealed that the efficiency of the proposed protocol is better than R-LEACH, CCMAR and EESAA.
